Our aim in this study was to determine the body fat percentage of teenagers in Diyarbakır, a city in southeast Turkey. The study included 1118 children between the ages of 10 to 15. Basic anthropometric measurements including body-mass index (BMI) and skinfold thickness were taken. The skinfold thickness were measured with a Lange skinfold caliper. Fat mass percentage (FM %) was predicted by using skinfold thickness equations. Differences between boys and girls across age groups for weight, height, and BMI were found to be statistically significant (P < 0.0001). With respect to skinfold thickness in the 10-y-old group, the thickness at triceps and subscapular sites in girls was higher than those of boys. In the 12-y-old group, the thickness was found to be higher in girls than boys at the triceps, biceps, and subscapular sites. We found that an increase in skinfold thickness in the 13, 14, and 15-y-old groups was significantly higher among girls than boys and tended to increase with age. However, such a tendency was not shown in boys. This tendency was found only at the triceps site in 10, 12, and 13-y-old boys. In addition, the skinfold thickness at the biceps site was found to be greater in the 14-y-old boys. The body fat mass percent in girls, especially those older than age 13, was also increased.
Fat is a basic compound of the body which is essential for certain anatomical and physiological functions. After birth, the human body consists of 12% fat. This percentage reaches 30% within 6 months, and declines to 18% by the beginning of walking. In adolescence, the breasts and hips begin to grow in girls. By the completion of growth, a difference of 5 to 12% is observed between boys and girls (22) .
A low fat intake ratio is associated with reduced risk of cardiovascular disease, although fat has some positive aspects (17) . Childhood obesity is a serious problem which occurs as a result of inappropriate nutritional habits and a sedentary lifestyle (14) . Obesity increases the risk of many diseases such as coronary heart disease and diabetes. Recent studies have pointed out that there has been an increase in the The author is with the Faculty of Medicine, Dept of Anatomy, University of Dicle, 21280 Diyarbakır, Turkey.
number of overweight children in the US resulting from a sedentary lifestyle and habitual consumption of unhealthy foods. Such studies state that the risk factors for cardiovascular diseases mostly begin to occur during childhood. In various studies, it has also been observed that sporting activities during childhood prevent certain pathologies in terms of cardiovascular diseases which may occur in the future (2, 16, 18, 19) . We observed in our previous study that daily sporting activity had positive effects on the human body (7) .
It has been reported that the body fat percentage varies among races and genders (10) . Anthropometric measurement is one of the basic tools to evaluate nutritional sufficiency (11) . Obesity, particularly in adolescence, has increasingly become an important public health problem (1, 5) . In the present study, skinfold thickness was measured with skinfold calipers and converted into body fat percentage using the equations of Slaughter et al. and Deurenberg et al. (4, 13, 22) . Our aim was to estimate the current national prevalence of overweight and obesity among 10 to15-y-old children in Diyarbakır, a city in southeast Turkey.
Materials and Methods
A total of 1118 (597 boys and 521 girls) adolescents between the ages of 10 to 15 in Diyarbakır, a city situated in the southeastern Anatolia region of Turkey, were included in the study. All measurements were performed in the school's infirmary or in a designated room that allowed privacy during the procedures. Height and weight were measured by using standard anthropometric techniques (20) . Height was measured on a stadiometer (Holtain Ltd., Crymych, UK) to the nearest 0.1 cm, and the weight was recorded on a portable scale (model 707, Seca, Hamburg, Germany) to the nearest 0.1 kg. Body-mass index (BMI) was calculated as weight (kg) divided by height (m) squared.
Subcutaneous fat thickness (SFT) was measured by two trained examiners (generally the observer) using a Lange caliper (Beta Technology Inc., Santa Cruz, CA) and three measurements were taken from sites on the right side of the body (6) , with the average of the three taken as the skinfold measurement. For the triceps site, the mid-point of the posterior aspect of the upper arm between the tip of the olecranon and the acromial process was determined by measuring the arm flexed at 90°. With the arm hanging freely at the side, the caliper was applied vertically at the marked level. For the biceps site, the SFT was measured at the same level as the triceps, with the arm hanging freely and the palm facing forward. For the subscapular site, the SFT was measured below the inferior angle of the scapula at 45° to the vertical axis, along the natural cleavage lines of the skin. The suprailiac SFT was measured above the iliac crest, just posterior to the midaxillary line and parallel to the cleavage lines of the skin with the arm lightly being held forward. Children were asked to wear loose clothing, and shoes and jewelry were removed before measurement. Fat percentage was assessed by using the skinfold thickness at triceps and subscapular sites as described by Slaughter et al. (13, 22) . The body fat percentage was also estimated from the thickness of subcutaneous fat at biceps, triceps, subscapular, and suprailiac sites as described by Deurenberg et al. (4) . The study protocol was approved by the Directorate of National Education in Diyarbakır.
Statistical Analyses
One-way ANOVA was used as the statistical procedure. Also, for categorical samples, the chi-square test was used. A P-value of < 0.05 was accepted as statistically significant. Data are shown as means ± standard deviation.
Results
The results are presented in Tables 1, 2 , and 3 and Figures 1, 2 , and 3. There were significant differences between genders regarding the mean weight, mean height, and BMI in all age groups (Table 1 and Figure 3 ) (P < 0.0001).
The Deurenberg et al. and Slaughter et al. equations (4, 13) significantly underestimated (P < 0.0001) the body fat percentage derived from subcutaneous fat in both boys and girls. When the body fat percentage was evaluated according to the formula developed by Deurenberg et al. (4), a tendency toward an increase in adiposity was observed in 13, 14, and 15 y-old girls (Table 3) . Subcutaneous fat thickness at all sites was found to be higher in girls than in boys for the 11, 13, 14, and 15-y-old groups. Increased subcutaneous fat thickness in boys was observed at only the triceps site in the 10, 12, and 13-y-old age groups. In addition, an increase at the biceps site was observed in 14-y-old boys (Table 2) .
When the values shown in Table 3 were evaluated using the equation of Slaughter et al. (13) , the values obtained for the distribution of body fat percentage in both genders in all age groups were found to be in the optimum range (646 subjects, 56.8%; P < 0.0001; chi square: 46.222). An increased number of 13, 14, and 15-y-old girls were classified as having high and very high percentages of body fat, whereas in boys a similar trend was observed for the 12 and 13-y-old groups. In examining the body fat percentage distribution, it was observed that the majority of the girls in the 10-y-old group were in the optimum range (37 subjects, 47.4%). Also in the same group, a majority of former subjects were found at the high end of the range (17 subjects, 21.8%), while some were at the low end of the range (15 subjects, 19.2%).
Discussion
The present study indicated that the body fat percentage begins to increase by age 13 in girls and age 12 in boys, likely average for this state of puberty. It has been recommended that Figure 1 and Table 2 should be used to determine the risks of obesity in the clinical evaluation of children (22) . Present results show that the children studied have a low BMI in all age groups. It should be emphasized that this resulted from a lack of nutritional balance, and their dietary regimens are characterized by lower intake of protein. People living in this region of Turkey are generally of lower socioeconomic status.
According to Gruber et al. (6) , either caliper was found to be equally effective in ranking individuals on the basis of skinfold values. However, the present study found mean differences between the Harpenden (HRP) and Lange (LNG) calipers. In males, the sum of seven skinfolds was 104.5 mm for LNG and 93.8 mm for HRP. In females, the sum of seven skinfolds was 113.5 mm for LNG and 103.7 mm for HRP. This is a 10% difference, with HRP producing the lower values. Application of t-tests shows this was a significant difference. An explanation of the 10% difference may well lie in the caliper design and the nature of the soft tissue to which it is applied.
According to Slaughter et al.'s equation in Figure 1 (13, 22) , most of the subjects of both genders and across all age groups were found to be in the optimum range regarding the distribution of body fat percentage (646 subjects, 56.8%; P < 0.0001). An increased number of girls in the 13, 14, and 15-y-old groups were classified as having high and very high percentages of body fat, whereas in boys a similar trend was observed for the 12 and 13-y-old groups. According to the Deurenberg et al. equation in Table 2 (4), there was an increase in the body fat percentage in 11, 13, 14, and 15 y-old girls (Table 2 ). Significant differences were detected among age groups in terms of subcutaneous fat thickness at the triceps, subscapular, biceps, and suprailiac sites ( Table 2) . On the other hand, it should be emphasized that the Lange caliper, used in this study, gives higher values than the Harpenden, therefore the results in this study overestimate fatness in the present sample compared to values in the table that used the Slaughter et al. equation (13) .
In a study carried out on American Indian children, Lohman et al. (10) found that the body fat percentage of 10-y-old boys and girls was 31.6% and 35.2%, respectively, while it increased to 33.7% and 37.1%, respectively, in 11-y-old boys and girls. Damsgaard et al. (3) stated that sporting activities prevent obesity in addition to the late onset of puberty. In a similar study, Kimm et al. (8) also indicated that physical activities during puberty have an important role in preventing obesity. In another study by Kimm et al. (9) which was carried out on 9 and 10-y-old black and white girls, it was found that the BMI and the sum of skinfold thicknesses in black girls were 19.2 (4.2) and 35.9 (21.0), respectively, while they were 17.9 (3.3) and 33.6 (17.2), respectively, in white girls. These findings indicated that the black girls at puberty are more overweight and have higher subcutaneous fat as compared to white girls of the same age (8, 9) . Kimm et al. (8) also found that active 4-y-old girls have a skinfold thickness at the triceps site that is 7 mm thinner than girls over 2 y of age with a sedentary lifestyle. They also showed that there are significant relationships between physical activity, the sum of skinfold thickness, and the BMI variables in black and white girls entering adolescence. Nicholson et al. (12) claimed that overweight in girls at puberty doubled within the last 20 years, and that overweight in children at the onset of puberty was 14%, while it was 12% in children who were currently at puberty.
Finding similar results in Swiss and French children, Zimmermann et al. (21) stated that obesity is very common in the US and Western Europe. The percentages they found were also lower compared to the data of NHANES III. Kimm et al. (9) observed that obesity-related diseases were more frequently seen in 9 and 10-y-old black girls compared with white girls in the same age group. In Figure  3 , BMI was evaluated in both girls and boys according to CDC (15) . We found that the BMI of the girls in all age groups in the present study was higher than percentile 50, however, BMI of the boys was found to be between 25 and 50% in boys older than 13 y of age.
In conclusion, by examining the skinfold thickness among 10 to 15-y-old girls living in the city of Diyarbakır in southeast Turkey, we found an increase in skinfold thickness at all sites in 11, 13, 14, and 15-y-old subjects. However, in the boys, increases in skinfold thickness were found only at the biceps site in 14-y-olds. We suggest that the factors which contribute to the increase the body fat percentage in girls, especially those older than age 13, are poor nutrition, lack of regular exercise, and low socioeconomic status.
